In order to identify and understand the real objects in the assembly environment, propose a 3D aware method of registration based on real scene object perception by the similarity of point cloud, in order to reduce the impact of noise on the registration results, propose a method of matching algorithm based on adaptive density, the density of point cloud adaptive adjustment of different sources. Using the affine invariance of four coplanar point features to achieve recognition of real objects. This method can reduce the amount of cloud data, reduce the computational complexity, and also improve the matching accuracy. The experimental results show that the proposed method can identify components accurately in the assembly environment point cloud and calculate their pose, and can be used for augmented reality interactive applications under noisy conditions.
INTRODUCTION
In augmented reality assembly environment, deep sense of the scene is required in order to interoperate or assemble parts. In addition to identifying different components, you also need to understand their 6 degree of freedom pose in the scene. The traditional augmented reality can also interact with a target object, but all the interactive operations are actually carried out in 2D space. The traditional augmented reality feature representation using planar augmented reality environment, through the two-dimensional space of the virtual 3D model processing and analysis, it can realize the object recognition in the scene, but cannot obtain the object space attitude. Traditional augmented reality cannot carry out real interaction between virtual and reality, and cannot perceive and feedback the operation scene. Once the working scene changes, the augmented reality system cannot work. Therefore, the method of scene perception is studied in this paper. It can work in the assembly environment, and has strong ability of recognition and perception. It can realize the 3D interaction and assembly tasks. _________________________________________
IDENTIFICATION FRAMEWORK AND MATCHING PROBLEM Recognition Framework.
Object recognition in 3D space and 2D images is difficult problem in computer vision, model recognition and expression is closely related to a general recognition method, first scene and model must have consistent description format. In order to recognize objects and calculate their pose, we use point cloud format to describe the CAD model and the scene reconstructed by video images. By matching CAD model, point cloud and scene point cloud, we can analyze the target in the scene and identify it.
The idea of this scene recognition methods are: 1) the scene model has a CAD model with matching; 2) CAD model and its point cloud can be transformed into each other, the registration process of point cloud is a rigid transformation; 3) in the two point cloud registration, when the CAD model all point cloud with their nearest neighbor scene point Euclidean distance is close enough, that recognition success, the scene point and CAD model of point cloud registration is object cloud.
The framework has two inputs, one is the scene point cloud, and the other is the CAD model point cloud library, which consists of many commonly used parts, models, and their point clouds, built in the off line phase of the. In order to find the target model in the scene cloud, a point cloud of a model is extracted from the model point cloud library, which matches the scene point cloud. If the matching error between the point of the model and the point in the scene is smaller than the threshold, then the match is considered to be successful, thus identifying the target object in the scene. If the matching error is that the CAD model cannot find the corresponding point cloud in the scene point cloud, the object does not exist in the scene, from another point cloud registration and verification of a new round of CAD model from point cloud library. After the identification is successful, an initial pose of the CAD model point cloud in the scene is obtained. In order to calculate the objects in the scene precisely 6 degrees of freedom attitude, further through the model matching point cloud scene point cloud ICP iterative algorithm, if the matching error is smaller than the threshold that estimating the pose of objects in the scene is completed, the successful identification and attitude determination, the object of the CAD model and the corresponding position in the scene. Because of the virtual model's gesture in the virtual space, the gesture of the target model in the virtual space can be obtained through the transformation between the virtual and the actual conditions.
Matching Problem.
The same object is known by different angle scanning or obtained by different generation methods with arbitrary different initial positions of two 3D point cloud data P and Q, the basic problems of registration is to find an optimal transformation, including rotation, translation and zoom, the two point cloud overlap together, the difference should be less than a certain threshold.
If selected from P and Q in different base set, calculating the corresponding rigid transformation, then a set of respectively containing three points, one in P, one in Q, only enough to define a rigid transformation, by the formula (1) description.
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It is necessary to compute the rigid body transformation relationship corresponding to the points in the point cloud Q from the point cloud P, that is formula
Since the point cloud has a lot of space, it's unlikely to find the three -point correspondence by exhaustive search. Therefore, many researchers to participate in the registration of point cloud analysis, hoping to find a general description of the method, can establish the corresponding relationship between similar point cloud to reduce the computational complexity, the calculated relationship between the conversion. A simplified description base set is constructed for the scene and model point clouds. The corresponding relation is found in the description base group, and then mapped to the global point cloud. Then the space transformation matrix of the 6 degrees of freedom of the model is calculated.
In order to get the objects measured attitude, converting CAD into a virtual model of the point cloud, in the scene coordinate system, the transformation of CAD model and point cloud scene object point cloud matching, the matching recognition scene objects and their attitude of 6 degrees of freedom. In order to reduce the amount of data involved in the operation, the input of the two point cloud extraction description base set, describing the respective base set, using Ransac method, iterative matching based on set, remove some error vector corresponding to the relationship between the conversion, estimation of rigid body, then the conversion relationship should be to the global point cloud if the two match, the error is less than a certain threshold, we think that the match is successful.
DENSITY ADAPTIVE COPLANAR FOUR POINT ALGORITHM

Extraction of Base Set for Point Cloud Description.
The description base set of cloud points has many kinds, the most commonly used is the description base set associated with normal vectors, for example, some operators describing the local or global shapes, such as SHOT, FPFH, VFH etc [1] . When the basis set is used in the case of little noise interference, the registration success rate and efficiency of point clouds can be greatly improved. However, there are many noises in the point cloud reconstructed by SFM, which makes the surface features of the point cloud incomplete. Even after filtering, processing and enhancement, there is still a big gap compared with the surface of the real scene. Especially after filtering, the density of point cloud has decreased a lot, so it is difficult to extract the description vector of point cloud surface. Or the extracted description vectors cannot respond to the feature of point clouds, resulting in error matching.
In this paper, a coplanar four point base set is adopted. This method has strong noise immunity, and is originally used to deal with the stitching between incomplete point clouds. If the special four point base set can be found to replace the three point base set, the registration accuracy will be higher and the effect will be better, especially in the case of noise. From the point cloud P, a coplanar point not in the same line is extracted { } , , , a b c d , from Q four common similar points extracted { } ', ', ', ' a b c d , if the two pairs of coplanar points are corresponding, then the two pairs of coplanar points satisfy affine invariance, that is, the two sets of four points can be completely identical after affine transformation [2] . 
Density adaptive matching algorithm
Although the coplanar four point base set does not require computation and extraction of normal vectors, the overlap of the point clouds required for registration is almost the same as in the application process. The scene point cloud of this article comes from SFM, and the virtual model is generated by virtual scanners, and the source of the two is different, so we can't do the same assumption that the cloud density is the same. Aiming at the above problems, this paper adopts density adaptive method, the two point cloud sampling processing as a step of the algorithm, by using sparse to dense registration strategy, multi-level sampling and processing in addition to the increase of both the similarity, but also reduce the point cloud data, improve the efficiency of the algorithm [3] .
Point Cloud Sampling based on Voxel Point Weights
In the actual registration process, in order to improve the search efficiency of the coplanar four point base set, it is generally used to narrow the search range. It is the most reasonable choice to search directly in the overlap of two cloud points. But because the overlap is unknown, special analyses and calculations are needed to determine the area. Some researchers to narrow the search scope and made some changes, such as point cloud in little noise, using local description vector to describe the point cloud, then extracted four coplanar points base set based on describing the vector set, then the point cloud registration. However, the scope of search is still very large, and the algorithm is often optimized locally rather than globally optimal. Moreover, the efficiency is very low. In order to improve the registration efficiency between point clouds, a lot of solutions have been proposed. But the most important thing is to lower the point cloud density by reducing the density of the point cloud, thus reducing the number of description base sets and reducing the search scope of the corresponding base set. Before extracting the coplanar four point base set, the point cloud density is processed, so that the density of the point clouds participating in the registration is basically the same.
The conventional methods include 3D voxel sampling method, create a bounding box for the input point cloud data, then the bounding box is subdivided into many tiny three-dimensional cube bounding box, the voxel point in simplified. For the points in the three-dimensional cube bounding box, both the shape and the distribution are approximately represented by the center of the bounding box, so that all points in the bounding box are reduced to a point representation, which greatly reduces the amount of data of the point cloud. The method is very efficient in down sampling, but is generally used in point clouds without noise and is rarely used under noisy conditions. In order to reduce the point cloud data, the surface features of the point cloud can be maintained. The researchers used the center of gravity of the body all the points of the pixel to approximate voxel in other points, although the results and the voxel center method, but also on all point voxel is simplified into a point, but this method using the point cloud data aggregation features in noise conditions, point cloud the results of cloud sampling than the voxel center point under more realistic surface profile expression more clearly.
CONSTRUCTION AND EXPERIMENT OF MODEL POINT CLOUD DATABASE
Model Point Cloud Database Construction
The CAD model database constructed in this section includes the CAD model of the common components and their point clouds. First of all, the 3D modeling of parts and components, many products in the design stage, 3D model has been built. You can also build it with some modeling software. With the CAD model, you can use the virtual 3D scanner to transform the CAD model into a basically cloud free point cloud based on the density of the point cloud and the noise requirements. The virtual 3D scanner is similar to the real scanner. It can walk along the planning path in the virtual coordinate system of the CAD model. The target model is scanned and the surface cloud of the model is generated [4] .
3D Recognition and Registration Experiment
3D recognition and registration experiment is divided into two parts: one is the simulation experiment, the other is the experiment of the real scene. In order to verify the feasibility of the algorithm, the algorithm is first tested on virtual data without noise. The experiment uses desktop computer, Solidworks modeling, Point cloud library to do point cloud visualization processing. Select the CAD model and point cloud from the CAD model point cloud library. In order to put state analog parts in real scenes, to the CAD model, only local surface of parts of the CAD model for scanning, the occluded part is not treated, part of the surface features of point cloud generated by reflect only parts. Make a pose adjustment to the part cloud (represented by P) so that there is a difference in position and gesture with the Q. The two cloud points involved in the registration do not have any noise, and can reflect the surface features of the virtual model accurately. Next, add 15% Gauss noise to the part of the local point cloud Q to simulate the actual scene. The point cloud P does not change and then matches the new one. Under the condition of approaching real noise, the part cloud P can find the corresponding local point cloud Q in the point cloud space.
In order to improve the efficiency and accuracy of the registration, the scene cloud is processed by noise reduction and down sampling, using SFM method. After the scene point cloud is denoised, there are still many noise points mixed with the real points of the object in the scene. These are some noise in the scene from the background, the background noise is caused by the differences in texture and shading: another part of the noise from the object in the foreground, either due to light or occlusion reasons, some because of camera lens distortion leads to errors in calculation of. CAD model points cloud Library in the point cloud is clean, no noise, can accurately reflect the surface features of components. In order to identify the real tools and their postures in the assembly scene, each recognition takes a part cloud from the virtual CAD model point cloud library.
CONCLUSION
This chapter proposes a method for perception of assembly scene point clouds.
Taking the point cloud data as the object, the components in the scene are identified by the matching of the CAD model, point cloud and scene point cloud. Then the ICP registration algorithm is used to obtain the 6 degree of freedom pose of the component in the scene. Propose a matching algorithm based on adaptive density, the density of point cloud adaptive adjustment of different sources, reduce the point cloud four coplanar points base set search range, using voxel weights of the point cloud sampling method to reduce the required matching based on points, improve the matching speed. In the experiment of matching objects in assembly scenes, this method successfully identifies a variety of common tools and parts in assembly scenes. In this experiment, two lower sampling methods are used to lower the point cloud, and the lower sampling method based on voxel point weights is adopted. The success ratio of point cloud registration is 15% higher than that of voxel centroid method.
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